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1
MEMORY DEVICE

CROSS-REFERENCE TO RELAT.
APPLICATIONS

T
.

This application claims the benefit of U.S. Provisional

Application No. 61/804,562, filed Mar. 22, 2013, the entire
contents of which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a
memory device.

BACKGROUND

There are memory devices which use an element which
takes a variable resistance as a memory cell.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a current detection type
sense amplifier.

FIG. 2 1illustrates a relationship between a potential
VSS SA and some currents.

FI1G. 3 1s a block diagram of a memory device according to
a first embodiment.

FI1G. 4 illustrates a memory cell array according to a first
embodiment.

FI1G. 5 illustrates an example of an MTJ element according,
to the first embodiment.

FIG. 6 15 a circuit diagram of a part of the memory device
according to the first embodiment.

FIG. 7 1s a sectional view of a part of the memory device
according to the first embodiment.

FIG. 8 illustrates a relationship between a potential
VSS_SA and some currents according to the first embodi-
ment.

FIG. 9 1s a circuit diagram of a part of the memory device
according to a second embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a memory device
includes a memory cell, a sense amplifier, and a resistor. The
sense amplifier includes a first input and a second input,
outputs a signal in accordance with a difference between the
first and second 1nputs, and 1s selectively coupled at a second
input to the memory cell. The resistor 1s 1n a first path between
the first input of the sense amplifier and a ground node.

There are memory devices which use an element which
takes a variable resistance as a cell. Such memory devices
include a magnetoresistive random access memory
(MRAM). MRAMSs use magnetic tunnel junction (MT17) ele-
ments for their cells. An MTJ element takes different resis-
tance states 1n accordance with the direction of a current
which flows through it. Two different resistance states are
associated with states of storing 0 and 1 data, respectively,
which allows for storing of information.

Data stored 1n the cells 1s read with, for example, a current
detection type sense amplifier. FIG. 1 1llustrates an example
ol the current detection type sense amplifier 100 disclosed by,
for example, the U.S. Pat. No. 7,649,792 specification. Two
inputs of the sense amplifier 100 are coupled to respective
drains of transistors Q0 and Q1. Respective gates of transis-
tors Q0 and Q1 recerve potentials Vg0 and Vgl, respectively.
Each of potentials Vg0 and Vgl 1s an intermediate potential
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between the power supply potential node (or power supply
node) VDD and the ground (or common) potential node (or
ground node) VSS. The potentials Vg0 and Vgl are generated
by the voltage generators 110 and 111 such as shown 1n FIG.
1.

The source of transistor (Q0 1s a data cell node DN, 1s
coupled to a node of potential VSS_SA via a cell array 101,
and 1s coupled to a to-be-read cell during reads. In contrast,
the source of the transistor Q1 1s areference node RN, and has
the same potential as the node VSS_SA. During a read, a cell
current Icell according to data held by the cell flows through
the data cell node DN, and a reference current Iref flows
through the reference node RN. The sense amplifier 100
determines the data stored in the to-be-read cell 1n accordance
with whether the cell current Icell exceeds the reference cur-
rent Iref.

The potentials VSS and VSS_SA are mtended to be the
same. Because of, however, reasons such as restriction of
arrangement, the sense amplifier 100 may be positioned away
from the voltage generators 110 and 111, which may result in
different robustness of the potentials VSS and VSS_SA. Spe-
cifically, much current including that through the cell array
101 flows 1nto the potential VSS_SA, whereas no such much
current flows 1nto the potential VSS because 1t 1s positioned
away from the cell array 101. For this reason, the potential
VSS_SA easily tluctuates unlike the potential VSS. This fluc-
tuation behaves as a noise component to the potential
VSS_SA. This noise 1n turn may cause the following phe-
nomenon.

Assume that, as an example, the potential VSS_SA
increases by 100 mV from zero. This also affects the data cell
node DN and reference node RN. Cells (or MTJ elements)
and parasitic resistance, however, are coupled to a data cell
path between the data cell node DN and node VSS_SA.
Theretore, a potential divided by various resistances includ-
ing these resistances appears on the data cell node DN. This
suppresses tluctuation of the potential of the source of the
transistor Q0 to be small, and therefore the cell current Icell
does not vary so much. In contrast, the reference node RN 1s
directly coupled to the potential VSS_SA, and therefore a
reference path between them only has a small resistance such
as interconnect resistance. This results 1in significant fluctua-
tion of the potential of the source of the transistor Q1, and
therefore the reference current Iref varies greatly. In other
words, the rise of the potential VSS_SA due to, for example,
noise decreases the reference current Iref much more signifi-
cantly than the cell current Icell. This greatly degrades the
read margin as can be seen from FIG. 2.

FIG. 2 illustrates a current through a data cell path includ-
ing a cell holding 0 data, a current through a data cell path
including a cell holding 1 data, and a current through the
reference path. FIG. 2 1llustrates the various quantities of the
noise added to the potential VSS_SA along the horizontal
axi1s. The value 0 on the horizontal axis indicates no noise, and
values further to the right along the horizontal axis indicates
higher noises. As shown in FIG. 2, increased noises do not
reduce data cell path currents so much. In contrast, they
greatly decrease the reference path currents. This reduces the
read margin for one of two types of data (1 data, in this
example), and may disable a data read itself 1n a large-noise
case.

Embodiments will now be described with reference to
figures. Components with substantially the same functional-
ities and configurations will be referred to with the same
reference number and duplicate descriptions will be made
only when required. For descriptions for an embodiment
omitted because of duplication, corresponding descriptions
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for another embodiment 1s applied. The embodiments only
illustrate devices and methods which embody the technical

1dea thereof, and the technical idea do not limit the material,
dimension, structure, and arrangement of components to the
tollowing ones. The technical 1dea of the embodiments may
be variously changed in accordance with the scope of the
claims.

First Embodiment

FIG. 3 illustrates a block diagram of a memory device
according to a first embodiment. As shown 1n FIG. 3, a
memory device 1 includes a memory cell array 2, a driver 3,
column selectors 4 and 5, driver/sinker sets 6 and 7, a sinker
8, a sense amplifier 11, a clamp circuit 12, a constant current
generator 13, a reference signal generator 14, etc.

Each functional block does not necessarily need to be
distinguished this way. For example, some of functionalities
may be mmplemented by functional blocks different from
those 1llustrated below. Furthermore, an 1llustrated functional
block may be divided into functional sub-blocks. The
embodiments are not limited by the specification of the par-
ticular functional blocks.

The memory cell array 2 includes cells MC, a global bit
line GBL, a global source line GSL, local bit lines LBL, local
source lines L.SL, word lines WL, and column selectors 4 and
5, etc. Each memory cell MC 1s coupled between a local bit
line LBL and a local source line LSL, and coupled to a word
line WL. Each memory cells MC 1ncludes at least a variable
resistance element. The variable resistance element can take
multiple resistance states with different magnitudes. As a
variable resistance element, an MTJ element used for
MRAMs, an element used for resistive random access memo-
ries (ReRAMSs), or an element used for PRAMs or phase
change random access memories (PCRAMSs) 1s used, for
example. Any mechanism of resistance change is possible,
and does not limait the present embodiment. The memory cell
array 2 will be described 1n full detail later.

The driver 3 selects a particular word line WL 1n accor-
dance with address signals from outside the memory device 1.
The column selectors 4 and 5 select a particular column 1n
accordance with column select signals CSL0O to CSLn. The
column select signals CSLO to CSLn are supplied, for
example, from outside the memory device 1, and one of the
column select signals CSLO0 to the CSLn1s asserted. Selection
of a word line WL and a column selects one cell MC.

The driver/sinker sets 6 and 7 supply a write current to a
selected memory cell MC 1n conjunction. When the cell MC
1s the M'TJ element, one of the driver/sinker sets 6 and 7 serves
as a driver, and the other as a sinker, for example. Specifically,
one of them supplies a write current and the other draws the
write current so that the write current tlows through a selected
memory cell MC in the direction in accordance with data to be
written 1nto the selected memory cell MC. The sinker 8
includes, for example, an n-type metal oxide semiconductor
field-effect transistor (MOSFET) QNI1, recerves a signal
RDSINK {from a controller (not shown) or outside the
memory device 1, and 1s turned on during reads to couple the
source line GSL to a potential VSS_SA node (or a node or
ground node VSS_SA).

The sense amplifier 11 1s provided for the memory cell
array 2, and when the memory device 1 includes multiple
memory cell arrays 2, a sense amplifier 11 1s provided for
cach memory cell array 2. The sense amplifier 11 has two
inputs In0 and Inl, and amplifies the difference of the two
inputs In0 and Inl. The clamp circuit 12 includes an n-type
MOSFET QN2, and clamps the source potential of the tran-
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sistor QN2 to a desired potential. The constant current gen-
crator 13 supplies the gate of the transistor QN2 with a poten-
t1al to clamp the source potential of the transistor QN2 to the
desired potential. The reference signal generator 14 supplies
a reference current to the input Inl. The reference current 1s
used as a reference to determine data during reads.

The memory cell array 2 includes the multiple columns C0
to Cn, as shown1n F1G. 4. FI1G. 4 1llustrates an example of the
memory cell array of the first embodiment. When reference
numbers with suflixes (for example, the column C) do not
need to be distinguished from each other, the reference num-
ber without a suflix 1s used to refer to all corresponding
reference numbers with suffixes. Each column C is coupled
between the (global) bit line GBL and (global) source line
GSL. The source line GSL 1s coupled to thenode VSS_SA via
the sinker QNI1.

Each column C includes two column select transistors
QN5 and QN6 (or column selectors 4 and 5). Each of the
transistors QNS and QN6 comprises an n-type MOSFET. The
transistor QN5 1s coupled between the bit line GBL and a
corresponding local bit line LBL. Specifically, the columns
C0 to Cn are respectively provided with local bit lines LBLO
to LBLn, and a transistor QN5 1s coupled to the local bit line
LBL of the corresponding column C. The transistor QN6 1s
coupled between the source line GSL and a corresponding
local source line LSL. Specifically, the columns C0 to Cn are
respectively provided with local source lines LSLO to LSLn,
and a transistor QN6 1s coupled to the local source line LSL of
the corresponding column C.

Respective transistors QNS of the columns C0 to Cn
receive column select signals CSL0 to CSLn at their gates,
respectively. Similarly, respective transistors QN6 of the col-
umns CO0 to Cn recerve the column select signals CSLO to
CSLn at their gates, respectively.

In each column C, multiple memory cells MC are coupled
between the local bit line LBL and local source line LSL. The
memory cells MC are arranged 1n a matrix. Each memory cell
MC 1ncludes a variable resistance element VR. The variable
resistance element VR can take multiple steady resistance-
states with different magnitudes. Any element can be used as
the variable resistance element VR, and MTJ elements, ele-
ments used for the ReRAMs, or elements used for the PRAMSs
or PCRAMSs are used as described above. The element used
for the PRAMSs or PCRAMSs takes a crystal state of a low
resistance state or an amorphous state of a high resistance
state after current appropriately controlled tlows through the
cell which comprises chalcogenide, for example. The ele-
ment used for the ReRAMs takes a low resistance state or a
high resistance state in accordance with the polarity of volt-
age applied.

Each memory cell MC further includes an element 1n
accordance with the type of the variable resistance element
VR. For example, with the present embodiment applied to a
ReRAM, each memory cell MC includes at least a diode and
the variable resistance element VR.

With the present embodiment applied to an MRAM, each
memory cell MC further includes an n-type MOSFET ST.
FIG. 4 1llustrates such an example. The senal structure of the
variable resistance element VR and transistor ST 1s coupled to
the local bit line LBL at 1ts variable resistance element side
and to the local source line LSL at its transistor side. Each
transistor ST of the 07 row of the columns C0 to Cn is coupled
to aword line WLO0 at 1its gate. Similarly, sets of transistors ST
of respective first row to n” rows are coupled to word lines
WL1 to WLn, respectively.

Each M'TJ element 1s configured to take different steady
resistance states 1n accordance with the direction of a current
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which flows through 1t. The phenomenon of exhibition of
different resistances refers to as the magnetoresistive effect,
which 1s used by the MTJ element to store data. FIG. 5
illustrates an example of such an MTJ element MTJ. As
shown 1n FIG. 5, an MTJ element MTJ has a fixed layer 21, a
storage layer 22, and an 1insulator 23 between them. The fixed
layer 21 has 1ts magnetization fixed by an antiferromagnetic
layer 24. The storage layer 22 has a magnetization variable 1n
accordance with the direction of a write current through 1t.
The MTIJ element M'TJ exhibits a resistance state variable 1n
accordance with relative relation between the direction of the
magnetization of the fixed layer 21 and the direction of the
magnetization of the storage layer 22. These difierent resis-
tance states are associated with, for example, two values of
one bit data, respectively. Layers 25 and 26 are electrodes,
and have the MTJ element MTJ interposed between them.
FIG. 6 15 a circuit diagram of a part of the memory device

according to the first embodiment. As shown 1n FIG. 6, the
sense amplifier 11 includes a p-type MOSFET QP1 and

n-type MOSFETs QN11 and QN12 coupled 1n series between
the power supply potential node (or power node) VDD and
the node VSS_SA. The sense amplifier 11 further includes a
p-type MOSFET QP2 and n-type MOSFETs QN13 and
QN14 coupled 1n series between the node VDD and node
VSS_SA.

The connection node of the transistors QP1 and QN11
outputs a signal OUTb. The “b” at the end of a name of
clement indicates the reversal logic of the element. The output
node of the signal OUTb (or anode OUTb) 1s also coupled to
the gates of the transistors QP2 and QN13. The connection
node of the transistors QP2 and (QN13 outputs a signal OUT.
The output node of the signal OUT (or a node OUT) 1s
coupled to the gates of the transistors QP1 and QN11. The
gate of the transistor QN12 1s coupled to the gate of the
transistor QN14.

The nodes OUTb and OUT are coupled to the node VDD
via p-type MOSFETs QP3 and QP4, respectively. The gate of
the transistor QP3 1s coupled to the gate of the transistor QP4.

The sense amplifier 11 further includes n-type MOSFETSs
(QN21 and QN23. The transistor QN21 1s coupled at its drain
to the connection node of the transistors QN11 and QN12,
and configures the input (or mput node) In0 of the sense
amplifier 11 at its source. As described above, transistor
(QN23 1s coupled at 1ts drain to the connection node of the
transistors QN13 and (QN14, and configures the input (or
input node) Inl of the sense amplifier 11 at its source.

As described above, the mput node In0 1s coupled to the
drain of the transistor QN2, and the source of the transistor
(N2 1s coupled to the bit line GBL. The gate of the transistor
QN2 receives a potential Vg0. The potential Vg0 1s supplied
from the constant current generator 13 as described above.
The constant current generator 13 1includes the constant cur-
rent source 11, an n-type MOSFET (QN31, and the resistor R1
coupled 1n series between the node VDD and the (ground)
node VSS. The gate of the transistor QN31 1s coupled to its
drain and the gate of the transistor QN2.

As described above, the mput node Inl 1s coupled to the

reference signal generator 14. The reference signal generator
14 includes an n-type MOSFET QN24 coupled between the

input node Inl and node VSS_SA. The transistor QN24
clamps the voltage of the source of the transistor QN24 to a
fixed value. The gate of the transistor QN24 recerves a poten-
tial Vgl. The potential Vgl 1s supplied from the constant
current generator 31. The constant current generator 31
includes a constant current source 12, an n-type MOSFET
N32, and a resistor R2 coupled 1n series between the node

VDD and node VSS. The gate of the transistor QN32 1s
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coupled to 1ts drain and the gate of the transistor QN24. The
constant current generator 31 may be included 1n the constant
current generator 13.

During data reads, the column select transistors QNS and
QN6 of a column to which a read-target cell MC belongs are
turned on and the word line WL coupled to the read-target cell
MC 1s made high to turn on the transistor ST of the target cell
MC. This results 1n the read-target cell MC coupled between
the source line GSL and bit line GBL. Moreover, the transis-
tor QN1 1s turned on. This results in a data-cell path DP
including the selected cell MC formed between the bit line
GBL (or a data-cell node DN) and node VSS_SA.

Thus, the data-cell course DP comprises the resistance of
the bit line GBL, transistor QN3S, on-resistance of the transis-
tor QN6, local bit line LBL, variable resistance element VR,
select-transistor ST, local source line LLSL., and source line
GSL.

Furthermore, sense amplifier 11 1s enabled. This results 1n
the cell current Icell flowing through the data-cell path DP,
and the reference current Iref through a reference path RP
between the source of the transistor QN24 (or a reference
node RN) and node VSS_SA. The current Icell has a magni-
tude 1n accordance with the data stored by the read-target cell
MC (or the direction of the magnetization of the storage layer
22 thereot). The sense amplifier 11 compares the current Icell
and reference current Iref. In accordance with whether the
current Icell 1s greater or less than the reference current Iref,
the sense amplifier 11 outputs the corresponding signals OUT
and OUTb.

Thus, the sense amplifier 11 detects the data of the cells
MC through comparison with the cell current Icell and refer-
ence current Iref. Therefore, variation of the reference current
Irel influences the read capability (or margin) of the sense
amplifier 11. The node VSS_SA, however, may vary unlike
the node VSS because of a current which flows into it from the
memory cell array 2, or a current which flows when the circuit
operates. The variation of the potential VSS_SA may fluctu-
ate the reference current Irel more significantly than the cell
current Icell. The reasons why the reference current Iref 1s
influenced more greatly than the cell current Icell by the
variation of the potential VSS_SA are the reference node RN
made the same potential as, or coupled without an intervening
component to, the node VSS_SA. This 1s contrastive to the
data-cell node DN (or bit line GBL) coupled to the node
VSS_SA wvia the memory cell array 2. Then, the memory
device 1 includes a resistance (resistor) R11 between the
reference node RN and node VSS SA. The resistance R11
comprises one ol a gate resistor, diffusion layer resistor, a
metal resistor, and a transistor resistor, or a combination
thereol, for example.

Theresistance R11 has a value which prevents the variation
of the potential VSS_SA from greatly fluctuating the refer-
ence current Iref. Typically, the value of the resistance R11 1s
selected to give the resistance of the data cell path DP a value
similar to that of the reference path RP. The reference path RP
and data cell path DP having similar resistances make the
variation of the reference current Iref due to the varnation of
the potential VSS_SA closer or even similar to that of the cell
current Icell. The data cell path DP, however, varies in accor-
dance with the data stored 1n a read-target cell MC. Then, t“le
resistance R11 has a value between that of the resistance of a
data cell path DP including a particular memory cell MC
holding O data, and that of a data cell path DP including that
memory cell MC holding 1 data. Alternatively, the resistance
R11 has a value of the average of the resistance of a data cell
path DP including a particular memory cell MC holding O
data and that of a data cell path DP including that memory cell




US 9,177,641 B2

7

MC holding 1 data. Furthermore, strictly, such an average
about a particular memory cell MC may be determined for all
memory cells MC, and the average of the determined aver-
ages may be calculated to be given to the resistance R11.
More specifically, with the memory device 1 being an
MRAM, and the resistance 1s greater than or equal to 10 k€2,
more particularly 1t 1s 10 k€2 1n a particular generation. Such
resistance has a large value as a resistor coupled to the refer-
ence node RN unlike a mere parasitic resistance coupled to 1t.

Resistance R11 can be implemented, for example, by gate
resistance, diflusion layer resistance, metal resistance, and
transistor resistance. FI1G. 7 illustrates a sectional view of the
memory device according to the first embodiment 1n 1ts part,
especially the resistance R11 and associated components.
The reference path RP generally comprises arrangement of
interconnects and plugs as that of the data cell path DP. The bit
line GBL and source line GSL of the data cell path DP
comprise M1 interconnects above M0 1nterconnects above a
substrate sub. In accordance with this, interconnects for the
reference node RN and node VSS_SA comprise M1 1ntercon-
nects. Then, in order to insert the resistance R11 between the
reference node RN and the node VSS_SA, theresistance R11
1s formed between an M1 interconnect M1A corresponding to
the reference node RN and an M1 interconnect M1B corre-
sponding to the node VSS_SA. The interconnects M1A and
M1B are separate, and the interconnect M1A 1s coupled to a
diffusion layer (1.e., resistance) R11 via a plug P1, an M0
interconnect M0, and a plug P2. The diffusion layer R11 1s
formed 1n the surface of the substrate sub. The diffusion layer
R11 is also coupled to the interconnect M1B via a plug P4, an
interconnect layer M0, and a plug P3. The resistance R11 1s
implemented by the diffusion layer R11. The diffusion layer
R11 has characteristics such as the area and impurity concen-
tration 1n accordance with the resistance.

Two or more resistances R11 may be prepared, and a suit-
able one may be selected with progress of formation of the
memory device 1. Specifically, diffusion layer resistances
R11 which have various values are formed, a suitable value
for the resistance R11 1s determined after memory cells MC
are formed above the diffusion layers. Then, structures of the
MO interconnect M0, the plugs P1 to P4, and the M1 1nter-
connects M1 are determined to implement the determined
resistance value. This can adjust the value of the diffusion
layer resistance R11, which 1s formed before the formation of
the memory cells MC after the formation of the memory cell
MC.

The msertion of the resistance R11 makes the variation of
the reference current Iref due to the variation of the potential
VSS_SA follow the cell current Icell vanation. Specifically,
variation of the two currents Iref and Icell due to the variation
of the potential VSS_SA will be similar to each other. This 1s
illustrated 1n FIG. 8. FIG. 8 illustrates relatlonshlp between
the potential VSS_SA and some currents in accordance with
the first embodiment. Specifically, FIG. 8 shows a current
through a data cell path DP including a cell holding O data, a
current through a data cell path DP including a cell holding 1
data, and a current through the reference path RP as FIG. 2.
Note that FIG. 8 illustrates an example where the value of the
resistance R11 1s the average of the resistances of a data cell
path including a O-data-holding-cell MC, and that of a data-
cell path including 1-data-holding-cell MC.

As shown 1in FIG. 8, the reference current Iref exhibits the
same variation as each cell current Icell with O data and 1 data
to the increase 1n noise to the potential VSS_SA. As a result,
the read margin for O data holding, 1.¢., the difference between
the cell current Icell for a O-data-cell read and the reference
current Iref, 1s almost constant regardless of the increase 1n
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noise to the potential VSS_SA. Similarly, the difference
between the cell current Icell for a O-data-cell read and the

reference current Iref 1s almost constant. In other words, the
data read margin 1s almost constant over variation of the
potential VSS_SA regardless of 0 and 1 data held.

As described above, according to the first embodiment, the
memory device 1 has the resistance R11 of a value which
makes the resistance of the reference path RP close to the
resistance of the data-cell path DP during reads between the
reference node RP and node VSS_SA. The insertion of the
resistance R11 makes the cell current Icell variation follow
that of the reference current Irel because of the variation of the
potential VSS_SA. Therefore, the vanations of the two cur-
rents Iref and Icell due to the vanation of the potential
VSS_SA are similar to each other. As a result, data read

margin can be maintained over the variation of the potential
VSS_SA.

Second Embodiment

The second embodiment 1s configured with the first
embodiment. FIG. 9 1s a circuit diagram of a part of the
memory device 1 according to the second embodiment. The
configuration of the overall memory device 1 of the second
embodiment 1s the same as that of the first embodiment (FIG.
3). The memory device 1 of the second embodiment, how-
ever, differs from that of the first embodiment in the reference
signal generator 14. As shown 1n FIG. 9, the memory device
1 includes components and connection of the memory device
1 of the first embodiment; however the transistor (QN24
receives at the gate the potential Vg0 as the gate of the tran-
sistor QN2 instead of the output of the constant current gen-
erator 31 1 FIG. 6. In other words, the gate of the transistor
(QN24 15 coupled to the gate of the transistor QN2.

The gates of the transistor QN2 and (QN24 are coupled to
cach other. This makes the noise on the gates same. This 1s
contrastive to a case with individual gates, where different
noise 1s applied to the gates. The interconnection of the two
gates results in bias states of the transistors QN2 and QN24
similar than would be with two gates independent. For this
reason, behaviors of the reference path RP and data cell path
DP are also similar to each other, and the reference current
Iref and cell current Icell vary because of the noise with a
decreased difference. This makes the memory device 1 robust
to the noise. Furthermore, the constant current generator 31 1s
shared by the transistor QN2 and (QN24. This avoids the
necessity of the constant current generator 31 which can in
turn reduce the power consumption and area of the memory
device 1.

As described above, according to the second embodiment,
the memory device 1 has the resistance R11 of a value which
makes the resistance of the reference path RP close to the
resistance of the data-cell path DP during reads between the
reference node RP and node VSS SA as 1n the first embodi-
ment. This produces the same advantage as those of the first
embodiment. Furthermore, according to the second embodi-
ment, the gates of the transistor QN2 and QN24 are coupled
to each other. This can implement a sense amplifier more
robust to noise and requiring reduced power consumption and
area.

The configuration of the overall memory device 1, memory
cell array, memory cells, and the sense amplifier 11 are not
limited to the above examples. For example, it 1s possible to
use those disclosed 1n the U.S. Pat. No. 7,649,792 specifica-
tion and the United States Patent application publication No.
2012/0286339, entire contents of which are incorporated
herein by reference.
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While certain embodiments have been described, these

embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the nventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the 1nventions.

What 1s claimed 1s:

1. A memory device comprising:

a memory cell comprising a vanable resistance;

a sense amplifier comprising a first input and a second
input, the sense amplifier outputting a signal in accor-
dance with a difference between the first and second
inputs, and being selectively coupled at the second 1nput
to the memory cell;

a resistor 1n a first path between the first input of the sense
amplifier and a ground node; and

a second path comprising the memory cell between the
second mnput of the sense amplifier and the ground node,

wherein the resistor has a value between a first resistance of
the second path including the memory cell holding first
data and a second resistance of the second path including
the memory cell holding second data, and

wherein the resistor comprises one of a gate resistance, a
diffusion layer resistor, a metal resistor, a transistor
resistor, and a combination thereof.

2. The device of claim 1, wherein the resistor has a value

greater than or equal to 10 k€2.

3. The device of claim 1, wherein:

the first path includes a first transistor coupled at a first end
to the first imnput of the sense amplifier,

the memory device further comprises a second transistor
between the second mnput of the sense amplifier and the
memory cell, and

a gate of the first transistor 1s coupled to a gate o the second
transistor.

4. The device of claim 3, wherein:

the first transistor clamps a potential of a second end of the
first transistor, and

the second transistor clamps a potential of the second tran-
sistor at a memory cell side.

5. The device of claim 1, wherein:

the first path includes a first transistor coupled at a first end
to the first input of the sense amplifier, and
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the resistor 1s coupled between a second end of the first
transistor and the ground node.

6. The device of claim 5, wherein:

the second path includes a second transistor coupled at a
first end to the second 1nput of the sense amplifier,

the first resistance 1s a resistance between a second end of
the second transistor and the ground node including the
memory cell holding the first data, and

the second resistance 1s a resistance between the second
end of the second transistor and the ground node includ-

ing the memory cell holding the second data.
7. The device of claim 1, wherein:

the first path includes a first transistor, and

a first end of the first transistor 1s coupled to the first input
of the sense amplifier, and a second end of the first
transistor 1s directly coupled to the resistor.

8. A memory device comprising;:

a memory cell with a vanable resistance;

a sense amplifier comprising a first input and a second
input, the sense amplifier outputting a signal in accor-
dance with a difference between the first and second
inputs, and being selectively coupled at a second inputto
the memory cell;

a {irst transistor coupled at a first end to the first input of the
sense amplifier and clamping a potential of a second end
thereof;

a resistor between the second end of the first transistor and
a ground node; and

a second transistor coupled at a first end thereof to the
second input of the sense amplifier and clamping a
potential of a second end thereof,

wherein the resistor has a value between a resistance of a
path between the second end of the second transistor and
the ground node including the memory cell holding first
data and a resistance of a path between the second end of
the second transistor and the ground node including the
memory cell holding second data, and

wherein the resistor comprises one of a gate resistance, a
diffusion layer resistor, a metal resistor, a transistor
resistor, and a combination thereof.

9. The device of claim 8, wherein the resistor has a value

greater than or equal to 10 k€2.

10. The device of claim 8, wherein:

a gate of the first transistor 1s coupled to a gate of the second
transistor.

11. The device of claim 8, wherein:

the resistor 1s directly coupled to the second end of the first
transistor.
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